Fatty acid synthase activity regulates HER2 extracellular domain shedding into the circulation of HER2-positive metastatic breast cancer patients.
Clinicopathological assessment of the functional relationship between the HER2 oncogene and tumor-associated fatty acid synthase (FASN) is largely precluded because immunohistochemical and/or mRNA studies should be performed in biopsies from breast cancer patients. We here sought to determine whether serum FASN (sFASN) could associate with circulating HER2 extracellular domain (HER2 ECD) in the blood of metastatic breast cancer (MBC) patients. Concentrations of serum FASN and HER2 ECD were measured with ELISA in sera retrospectively obtained from 201 patients with metastatic breast cancer (MBC) and 31 healthy subjects. Mechanistical in vitro studies were performed using pharmacological inhibitors of HER2 and FASN as well as cultured cancer cells engineered to overexpress HER2 and FASN human genes. When the upper limit of normal sFASN was defined as the mean + 2SD of the control group, sFASN was elevated above this cut-off (12 ng/ml) in 70 MBC patients (35%). Eighty-nine MBC patients (44%) had elevated levels of HER2 ECD (HER2 ECD cut-off = 15 ng/ml). HER2 ECD-positive MBC patients slightly increased their sFASN levels compared with HER2 ECD-negative MBC patients. sFASN-positive MBC patients had significantly increased levels of HER2 ECD when compared with sFASN-negative MBC patients (mean HER2 ECD=34 ng/ml, 95% CI 26-41 ng/ml and 18 ng/ml -95% CI 15-21 ng/ml, respectively; p=0.002). Sixty percent of sFASN-positive patients concurrently exhibited high levels of HER2 ECD whereas 64% of sFASN-negative patients were negative for circulating HER2 ECD. In vitro studies revealed that BC cells bearing HER2 gene-amplification released higher levels of extracellular FASN than HER2-negative BC cells. Trastuzumab-induced blockade of HER2 ECD shedding failed to prevent FASN release and retrovirally-induced HER2 overexpression in MCF-7 cells did not increase extracellular FASN. Of note, pharmacological inhibition of FASN activity significantly decreased HER2 ECD levels in the supernatant of HER2-overexpressing BC cells while transient overexpression of FASN gene in HBL100 cells promoted FASN protein release and concomitantly increased HER2 ECD shedding into the extracellular milieu. Subsequent studies should explore if quantitative determination of FASN molecules in blood could become a rapid and accurate non-invasive test to monitor disease progression and survival in HER2-overexpressing MBC undergoing HER2-targeted therapies.